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| © METHOD OF PRODUCING LIQUOR. 

■> , 

© A method of producing a liquor, comprising the steps of feeding yeast to be fixed into a fiuidized bed reactor 
equipped with a liquid circulation pipe and a gas exhaust port, supplying a brewing raw material liquid to the 
reactor, extracting a part of a culture liquid from the top of the reactor and returning the culture liquid into the 
bottom of the reactor. By this method fermentation is conducted while establishing circulation. Thus, a fiuidized 
bed reactor filled with fixed yeast is used, fermented liquor in the reactor is circulated so as to move the fixed 
yeast. Accordingly, most of the carbon dioxide produced can be discharged outside the system without being 
r-» dissolved in the fermented liquor. Moreover, amino acids in the brewing raw material liquid can be efficiently 
^ utilized by the yeast, so that the amino acid concentration in the product is low and the flavor is excellent 
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Field of Technology 

The present invention relates to a process for producing a liquor. More specifically, the present 
invention relates to a process for producing a liquor which facilitates exhaust of carbon dioxide gas formed 
5 during fermentation, which expedites assimilation of amino acids in a raw material by yeast, and which 
produces the liquor having a stable flavor rapidly. 

Background Technology 

10 In the procedure of producing liquors such as beer, wine and the like, carbon and nitrogen sources in a 
raw material for brewing are generally consumed by yeast to form ethyl alcohol. 

Since a technology of immobilizing yeast cells was developed such as a technology of immobilizing 
yeast by including the yeast in a hydrous gel, a process for producing beer by continuous brewing of a wort 
has been proposed (J. Inst. Brew., 84, 228 (1981)). 
15 Since the yeast cells can be used in a high concentration in this process, a brewing period can be 
greatly reduced. However, the production of liquors such as beer and the like by packing the immobilized 
yeast cells into a packed bed-type reactor involves the following problems because of carbon dioxide gas 
formed during the fermentation. 
C;>| (1) The dissolved carbon dioxide gas formed at a high level influences metabolic activity of the yeast. 

20 (2) Accumulation of the carbon dioxide gas gives a dead space to reduce a solid-liquid contact area. 

(3) Gel particles are deformed due to a pressure exerted by the carbon dioxide gas to promote close 
adhesion of the particles each other, thereby clogging a passage of the gas or the solution to give a non- 
homogeneous flow. 

In order to solve such problems, a method in which the carbon dioxide gas formed within the packed 
25 bed-type reactor is pressurized to dissolve it in the solution has been attempted (EBC Congress, Proa, 505 
(1981)). However, the influence on the metabolic activity of the yeast is not eliminated by this method. 

By the way, a bioreactor which is used in the fermentation is roughly classified into three types: (1) a 
stirred tank-type reactor, (2) a packed bed-type reactor and (3) a fluidized bed-type reactor. These reactors 
have their own merits and demerits (Reasonable Designing and Optimum Operation of Bioreactor, 151 
30. (1986) published by Technical Information Center). 

Of these reactors, the stirred tank-type reactor and the fluidized bed-type reactor bring forth the high 
effect to exhaust the carbon dioxide gas. Especially, the fluidized bed-type reactor has characteristics that 
the temperature and pH can be easily controlled, moving characteristics of substances are good and the 
pressure loss of the immobilized yeast cells is small. Accordingly, the fluidized bed-type reactor has been 
35 used in the fermentation of alcohol. 

In the alcohol fermentation using the fluidized bed-type reactor, a method in which an inert gas is 
introduced from a lower portion of the reactor has been proposed to cause fluidizing of the immobilized 
t i? yeast cells and to exhaust the carbon dioxide gas well (Chem. Eng. Sci., 19, 215 (1964)). However, this 

method incurs a high cost in recovery of the gas which is, therefore, not practical. Further, a method using 
40 mechanical stirring involves a fatal defect that the immobilized yeast is destroyed. Still further, when the 
packed bed-type reactor is packed with the immobilized yeast to conduct the fermentation, a degree of 
assimilation of amino acids in a raw material by yeast is low, and the concentrations of the amino acids in 
the fermentation solution remained high which causes a problem of a flavor. 

It is an object of the present invention to provide a process for producing a liquor efficiently with the 
45 use of immobilized yeast cells upon solving the above-mentioned problems. 

Disclosure of the Invention 

The present invention firstly relates to a process for producing a liquor which comprises loading 
so immobilized yeast cells into a fluidized bed-type reactor fitted with a liquid circulation pipe and a gas 
exhaust port, feeding a raw material for brewing to the reactor, withdrawing part of the culture liquid from 
the upper portion of the reactor, and returning the culture liquid to the inside of the reactor from the lower 
■ portion of the reactor to thereby conduct the cultivation while making a liquid circulation. 

. The present invention secondly relates to a process for producing a liquor wherein during the above- 
' V ;\;' : ; ; -. : L; ; ;;':;55':- mentioned cultivation, the raw material for brewing is fed to the reactor, and part of the culture liquid is 
\^ i; • , withdrawn outside the reactor to produce the liquor continuously: ' * ; 

.'f ; The present invention ' em'pldys'the' method" to cause the immobilized yeastx ceils to fluidize by : 
' ; circulating the liquid instead of the above-mentioned method to introduce the inert gas from the lower ' 
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portion of the reactor. 

Brief Description of Drawings 

Fig. 1 is a view illustrating an example of a fluidized bed-type reactor which is used in the present 
invention. 

Fig. 2 is a graph showing a change with time of an apparent extract during the continuous fermentation 
in Example 1. 

In the drawings, (1 ) is a wort tank, (2) is a pump, (3) is a pH sensor, (4) is a fluidized bed-type reactor, 
(5) is a temperature sensor, (6) is a gas exhaust port, and (7) is a product tank. 

Best Mode to practice the Invention 

In the present invention, a liquor is produced by means of the fluidised bed-type reactor shown in Fig. 
1. This reactor facilitates the exhaust of formed carbon dioxide gas by forcibly circulating part of the 
fermentation liquid. Specifically, as shown, the fermentation liquid in the reactor is withdrawn from the upper 
portion of the reactor and introduced into the lower portion via the pipe to allow the fermentation liquid to 
fluidize. Accordingly, the carbon dioxide gas formed during the fermentation is exhausted outside the 
reactor via the gas exhaust port without being dissolved in the liquid. This can avoid the undesirable 
influence of the carbon dioxide gas on the metabolic activity of yeast. 

The raw material for brewing is any material which is suitable for proliferation of liquor producing yeasts 
such as beer yeast, wine yeast, sake yeast and the like. Any known material can be used arbitrary. 
Ordinarily, a wort, a fruit juice, a sugar solution, a saccharified grain solution and the like can be used either 
singly or in combination. Moreover, a suitable nutrient can be added as required. 

The raw material for brewing is sterilized in a usual manner and then fed to the fluidized bed-type 
reactor loaded with the immobilized yeast. The feed amount of the material is from 0.05 to 0.2 hr" 1 , 
preferably from 0.1 to 0.2 hr~ 1 in terms of space velocity. The space velocity here referred to is calculated 
by multiplying an amount, per unit time, of the raw material being fed to the fluidized bed-type reactor by 
the amount of the immobilization support material having the yeast cells supported thereon. A suitable 
amount of the immobilization support material having the yeast cells supported thereon is from 5 to 50 % 
by volume, preferably from 10 to 30 % by volume based on the volume of the reactor. 

The raw material can be introduced from a suitable position such as an upper portion, a lower portion or 
the like of the reactor. 

As the yeast used to produce the liquor, a so-called liquor producing yeast that forms an alcohol, 
carbon dioxide gas or the like by metabolizing the raw material is used. Examples of the yeast include 
Saccharomyce s cerevisiae , and Saccharomyce s u varum . Liquor producing yeasts such as beer yeast, wine 
yeast, sake yeast and the like may be selected appropriately according to purposes for use and the like. 
Examples thereof include Saccharomyce s cerevisiae OC-2 (IAM 4175). Saccharomyce s cerevisiae Kyokai 
wine yeast No. 1, Saccharomyce s cerevisiae Kyokai wine yeast No. 3, and Saccharomyce s cerevisiae 
Kyokai wine yeast No. 4. These yeasts are generally well known. The first strain has been preserved in 
Institute of Applied Microbiology in The University of Tokyo, and the other three strains in Foundation of 
Japan Brewing Association, respectively. Therefore, these yeasts can be obtained easily by third person. 

These yeasts are generally facultative anaerobic. The support material (or carrier) for supporting the 
yeast cells includes various materials. Chitosan beads, alginic acid beads, and carrageenan beads are 
especially preferable. Ceramic beads and glass beads are not suitable as the support material of the 
present invention because they are less abrasion-resistant. The immobilization of the yeast is known per se 
(see, for example, Enzymology, compiled by Fukui Saburo, Chibata Ichiro and Suzuki Shuichi (published by 
Tokyo Kagaku Dojin), and David Williams, Douglas M. Munnecke, Biotec. and Bioeng., 23, 1813 (1981)). In 
the present invention as well, the immobilization may be conducted in the known manner. 

• The fermentation conditions may be basically known fermentation conditions. The fermentation tem- 
perature is usually 15 *C or below, preferably from 8 to 10* C in the brewing of beer, and is usually 
approximately 20 • C, preferably from 1 5 to 20 * C in the brewing of wine. 

The circulation rate of the fermentation liquid which is circulated during the fermentation is from 150 to 
400 ml per minute, preferably from 200 to 250 ml per minute in, for example, a 1-liter reactor. When the 
fermentation is conducted under such conditions, the fermentation liquid is almost in a completely mixed 
state. Thus, the fermentation can be performed at good efficiency. 

Since the. fluidized bed-type reactor used in the present invention is good in the moving characteristics . 
of substances as. noted above, amino acids and the like contained in the raw material are taken into the 
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yeast during the fermentation and assimilated by the yeast. Consequently, the concentrations of the amino 
acids in the liquor product are reduced in comparison to the product by the ordinary method, providing a 
good flavor. 

The process of the present invention can be applied to the production of beer as well as other liquors 
5 such as wine, sake and the like. 

Examples 

The present invention is illustrated more specifically by referring to the following Examples. 

10 

Example 1 

A 1 -liter fluidized bed-type reactor was loaded with 250 ml of a support material (chitosan beads) 
having beer yeast [ Saccharomyc es c erevisia e IAM 4206 (ATCC 9080)] immobilized thereon, and 750 ml of 
15 a wort in which original extract of the wort was adjusted to 1 1 % Plato. The batchwise fermentation 
operation was conducted at 11 * C upon setting a circulation rate of a fermentation liquid in the reactor at 
250 ml/min. 

When an apparent extract of the fermentation liquid in the reactor reached 2.5 % Plato (after 19 hours 
from the start of the fermentation), the wort was fed into the reactor from the lower portion of the reactor at 
20 a rate of 40 ml/hr. While the same amount of the fermentation liquid was withdrawn from the upper portion 
of the reactor, the continuous operation was began in the state of the liquid circulation manner. The results 
are shown in Fig. 2. - 

As is apparent from Fig. 2, the apparent extract during the fermentation period was 2.5 % Plato and 
stable. Further, the concentrations of amino acids in the fermentation liquid were measured as shown in 
25 Table 1 . 

According to the process of the present invention, the amino acids were taken by the yeast and 
assimilated therein. Therefore, the concentrations of the amino acids in the fermentation liquid were low in 
comparison to these in the method of Comparative Example and Control. 

30 Table 1 



35 


Comparison in concentrations of amino acids in the fermentation liquid 


Amino acid 


Concentrations of amino acids (mg/l) 


Example 


Comparative Example 


Control 




Aspartic acid 


3 


11 


8 




Threonine 


1 


4 


1 




Serine 


1 


5 


2 


40 


Glutamic acid 


6 


34 


20 




Proline 


316 


341 


350 




Glycine 


14 


22 


18 




Alanine 


40 


102 


60 




Valine 


32 


78 


32 




Methionine 


1 


9 


10 




Isoleucine 


9 


20 


20 




Leucine 


11 


49 


14 




Tyrosine 


43 


56 


45 




Phenylalanine 


41 


73 


40 


50 . 


Lysine 


1 


25 


23 




Histidine 


12 


18 


15 




Arginine 


26 


55 


52 



55 



Comparative Example 1 



A 500-miililiter packed bed-type reactor was used and packed with 160 ml of chitosan beads having 
beer yeast [Saccharomyces cerevisiae IAM 4206 (ATCC 9080)] immobilized thereon, and the fermentation 
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was conducted at 11 °C to obtain a fermentation liquid in which an apparent extract was 2.5 % Plato. 

In this case, carbon dioxide gas formed during the fermentation was accumulated in the reactor to make 
a channeling flow of the liquid. As shown in Table 1, since the assimilation of the amino acids by the yeast 
was unsatisfactory, the concentrations of the amino acids in the fermentation liquid were high. By the way, 
the concentrations of the amino acids in the fermentation liquid (apparent extract 2.5 % Plato) according to 
an ordinary method using free yeast cells which were not immobilized are shown in Table 1 as Control. 

Example 2 

A 1 -liter fluidized bed-type reactor was packed with 250 ml of a support material (chitosan beads) 
having wine yeast [Saccharomyces cerevisiae OC-2 (IAM 4175)] immobilized thereon, and 750 ml of a wort 
having a sugar degree of 22 % Plato were introduced in the reactor. The batchwise fermentation operation 
was conducted at 20 'C upon setting a circulation rate of the fermentation liquid in the reactor at 250 
ml/min. 

When an apparent extract of the fermentation liquid in the reactor reached 4.0 % Plato (after 40 hours 
from the start of the fermentation), a grape juice was fed into the reactor from the lower portion of the 
reactor at a rate of 18 ml/hr. While the same amount of the fermentation liquid was withdrawn from the 
upper portion of the reactor, the continuous operation was begun in the state of the liquid circulation 
manner. 

As a result, the fermentation was conducted stably over 500 hours, and wine could be brewed. 
Possibility of Industrial Utilizatio n 

According to the present invention, in producing a liquor, a fluidized bed-type reactor loaded with 
immobilized yeast is used, and a fermentation liquid in the reactor is circulated to cause the immobilized 
yeast to fluidize, Consequently, most of carbon dioxide gas formed can be exhausted outside the system 
without being dissolved in the liquid. 

Besides, since amino acids in the raw material are assimilated by the yeast at good efficiency, the 
concentrations of the amino acids in the liquor product are reduced in comparison to those of a 
conventional method, which gives a good flavor. 

Claims 

1- A process for producing a liquor which comprises loading immobilized yeast cells into a fluidized bed- 
type reactor fitted with a fluid circulation pipe and a gas exhaust port, feeding a raw material for 
brewing to the reactor, withdrawing part of the culture liquid from the upper portion of the reactor, and 
returning the culture liquid to the inside of the reactor from the lower portion of the reactor to thereby 
conduct the cultivation while making a liquid circulation. 

2. The process of claim 1 wherein during the cultivation, the raw material is fed to the reactor, and part of 
the culture liquid is withdrawn outside the reactor to produce the liquor continuously. 

3. The process of claim 1 wherein the reactor is a reactor fitted with a pH sensor and a temperature 
sensor. 

4. The process of claim 1 wherein the immobilized yeast cells are liquor producing yeast supported on a 
support material selected from chitosan, alginic acid and carrageenan. 
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FIG. 2 
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